Background: We report on the results of a phase II clinical trial of Panagen (tablet form of fragmented human DNA preparation) in breast cancer patients (placebo group n = 23, Panagen n = 57). Panagen was administered as an adjuvant leukoprotective agent in FAC and AC chemotherapy regimens. Pre-clinical studies clearly indicate that Panagen acts by activating dendritic cells and induces the development of adaptive anticancer immune response. Methods: We analyzed 5-year disease-free survival of patients recruited into the trial.
Background
Breast cancer along with skin, lung, colorectal and stomach cancer make up the top five most common malignancies. It is a leading cause of cancer-related mortality among women and therefore has a high social impact [1] [2] [3] . Positive prognosis in breast cancer is correlated with early diagnosis and proper choice of systemic therapy. Presently, the conventional breast cancer therapies include mastectomy or radical resection, adjuvant chemotherapy, hormonal therapy, and targeted therapy (whenever appropriate, such as in HER2/neu-positive tumors) (reviewed in [4] ). Given that breast cancer is a systemic disease, cytoreductive chemotherapy is essential for the successful treatment.
In breast cancer, chemotherapy combines alkylating activity of a cytostatic drug (cyclophosphamide), anthracycline (doxorubicin, farmorubicin, mitoxantrone) and antimetabolite (5-fluorouracil, ftorafur, gemcitabine, xeloda, metotrexate). Treatment schemes may also include Vinca alkaloids (vincristine, vinblastine, navelbine), taxanes (taxol, taxotere) and platinum compounds (cisplatin, carboplatin). Two basic schemes remain at the mainstream of breast cancer therapy: FAC (a combination of 5-fluorouracil, doxorubicin and cyclophosphamide) and AC (doxorubicin and cyclophosphamide). To boost the efficiency, these can be further modified by introducing additional components or substituting the basic components with other drugs [5] [6] [7] [8] [9] [10] .
As much as 1.5 million new cases of breast cancer are diagnosed worldwide each year, with a lethal outcome for about 400 thousand people. The current gold standard for assessing the therapeutic efficacy in breast cancer patients is 5-year disease-free survival (hereafter referred to as DFS), i.e. the percentage of patients that are alive 5 years after their primary treatment without any signs or symptoms of that cancer. Whereas stage II breast cancer is curable, with DFS ranging 75-90 %, and stage IV breast cancer has a poor prognosis with DFS of 0-10 %, efficacy of the therapy is best established by assessing DFS of stage III patients.
From the clinical perspective, locally disseminated breast cancer (stage III) has DFS rate of 10-50 % regardless of the frontline therapy received by the patient [4, 6, 11, 12] . Stage III breast cancer can be further subdivided into three subgroups IIIA, B and C, according to the extent of disease progression [6, 12] . Stages IIIB and IIIC consistently have a poorer prognosis compared to IIIA, which is mirrored by DFS in these patient groups below 30 % [12] . Our previous report [13] summarizes the results of phase II clinical trial of Panagen with major emphasis on the analysis of Panagen's leukoprotective properties. The data obtained in the study indicate that inclusion of Panagen into standard chemotherapy regimens leads to protection of white blood cell lineage from detrimental effects of three consecutive rounds of FAC or AC. Notably, combination of Panagen with either FAC or AC therapies results in fewer grade I-IV neutropenias and in the maintenance of pre-therapeutic activity of innate anticancer immunity cells.
It was first reported in 2001 that genomic doublestranded DNA as well as CpG oligodeoxynucleotides can activate antigen-presenting properties of dendritic cells and that it boosts the developing adaptive immune response [14] . In later studies, the major focus was on CpG DNA as a structurally homogeneous molecule with a therapeutic potential [15, 16] . In contrast, genomic double-stranded DNA received far less attention in this respect due to the issues in standardization of doublestranded DNA preparations. Our group, however, continued to explore and analyze how fragmented human double-stranded DNA influences different cell types and cell populations, using mouse models and in clinical trials.
Our earlier studies focused on unraveling how double-stranded DNA-based medications may interact with the body cellular machinery. These studies demonstrated that the primary cell targets of fragmented exogenous double-stranded DNA are peripheral blood mononuclear cells, dendritic cells, as well as stem cells of various origin [17] [18] [19] . It is this interaction of Panagen with peripheral blood mononuclear and dendritic cells that mediates its leukoprotective activity and the development of adaptive anticancer immunity [20, 21] . With this in mind, when performing stage II clinical trial, we designed and implemented an additional experimental protocol that was supposed to inform us more on the development of adaptive anticancer immune response in patients recruited to the study. We showed that in the patient group receiving Panagen, there is a statistically significant increase in the percentage of CD8 + perforin + cytotoxic T cells in peripheral blood, − importantly, it is this cell type that is known to play one of the major roles in adaptive immunity.
Early experiments showed pronounced activation of dendritic cells upon CpG DNA administration. This effect was mediated by the interaction of the ligand and TLR9 in dendritic cells [14] [15] [16] . Subsequently, several types of CpG oligodeoxynucleotides were tested as anticancer agents in the context of breast cancer [22, 23] . In contrast to our approach, wherein tablet form of Panagen was used per os and the active substance primarily targeted the mucosal immune cells, all the CpG-based medications were delivered as intravenous, intramuscular or subcutaneous injections. Data obtained in phase I and II clinical trials indicated that these medications were highly toxic to the trial participants and caused a number of serious side effects. For this reason, all the clinical trials of these drugs as anticancer agents are currently put on hold. Instead, the interest in these drugs has shifted to their possible use as adjuvants and to designing the CpG-based medications that are less toxic [22, 23] . Our phase II clinical trial of Panagen was based on the premise that activation of dendritic cells resident in the intestinal mucosa (using gastro-resistant tablets) should be comparable to the injection form of CpG-based preparations in terms of inducing adaptive immunity, yet it should have a favorable toxicity profile.
In the present report, we analyze the efficiency of Panagen as an adjuvant anticancer medication, given that it can enhance personalized anticancer adaptive immunity [13] . Specifically, we calculated and compared 5-year DFS of patients from experimental and placebo groups. This analysis also helped determine the breast cancer stage when combined use of Panagen and the standard chemotherapy (FAC or AC) results in the best response rate. Other details of the clinical trial protocol can be found in [13] .
Methods

Results
Overall analysis of 5-year survival of patients recruited to the phase II clinical trial of Panagen Patients recruited to the clinical trials of Panagen were followed-up for 5 years after the therapy. Overall, of 80 stage II-IV breast cancer patients 13 were excluded from the study for various reasons. Thus, the Panagen and the placebo arms of the trial included 51 and 16 patients, respectively. All the patients completed the full course of FAC or AC therapies followed by tamoxifen therapy, whenever their tumors were classified as hormonedependent. By the end of the 5-year period data of survival were collected (Table 1) .
We analyzed 5-year overall survival and DFS of patients recruited to the study. These parameters were calculated separately for disease stages. Additionally, we estimated the correlation between 5-year DFS and the immune status of FAC-treated patients.
Five-year overall survival and DFS of patients in Panagen trial
Our analysis suggests that 5-year DFS of patients from the placebo group was 40 %, whereas for those receiving Panagen it was 53 % ( Table 2) .
Of 8 stage III placebo-group patients, 6 had IIIB or IIIC breast cancer. The same substages were diagnosed for 18 patients out of 25 stage III breast cancer patients in the Panagen-group. Five-year DFS of IIIB/IIIC patients in the placebo group was 17 %, compared to 50 % observed in the Panagen group (Table 3) .
Next, survival of patients in our trial was compared to the literature data. Both 5-year DFS and overall survival are consistent with the current literature rates (Tables 2  and 4 ). Overall survival of substage IIIA and IIIB breast cancer patients in the placebo cohort was comparable to the figures referenced in the literature (Table 5) . Notably, in the Panagen arm, overall survival of stage III patients was significantly higher than that in the literature. Namely, for substage IIIA patients the numbers were 100 % (Panagen) vs 66.7 % [24] , for stage IIIB, overall survival was 67 % (Panagen) vs 41 % [24] , and for IIIA and IIIB substages the combined overall survival was 79 % (Panagen) vs 57 % [25] . Importantly, overall survival of substage IIIC patients on Panagen was 100 %. This data of 5-year overall survival for stage III show a significant contribution of Panagen to the treatment efficiency. Differences in the 5-year DFS also support the contribution of Panagen to favorable outcome ( Table 3) .
Comparison of immune status of patients on FAC + Placebo vs FAC + Panagen regimens
Several parameters informative of the immune status of the patients were measured in the additional protocol of the clinical study. These include changes in cell counts for CD123+ (plasmacytoid dendritic cells), CD11+ (myeloid dendritic cells), CD25+ CD127-(T-regs), CD8 + perforin + (cytotoxic T-cells). Higher counts of CD123+, CD11+ and CD8 + perforin + cells in patients would be interpreted as activated adaptive immunity. Decreased T-reg counts are generally indicative of the reduced immunosuppression by the tumor. Table 6 ). The surviving patient had a pronounced trend for gradually improving adaptive immunity whereas T-reg population was significantly reduced. The other patient, who did not survive the 5-year period, had high T-reg counts in one of the tests. Adaptive immunity scores generally remained high.
In the Panagen-treated group, three patients out of four remained disease-free 5 years after the therapy. In these surviving patients, the parameters characteristic of the stimulated adaptive immunity were greatly improved. T-reg population was either slightly above the initial level or was reduced during the course of 3 chemotherapy rounds. The patient who did not survive showed no response to the treatments, as assayed by plasmacytoid and myeloid dendritic cells and activated T cell counts. This was accompanied with increasing numbers of T-regs, compared to the initial values observed in that patient.
No correlation between survival and cell counts was evident for stage III patients receiving Panagen. However, we must note that the two patients who deceased displayed 2-3 times more T-regs relatively to the initial levels, which was accompanied by an otherwise activated adaptive immunity profile. In the surviving patients, the percentage of T-regs either progressively decreased during the study or was not high at the baseline. In all but one cases, adaptive immunity appeared activated.
It is widely known that cyclophosphamide is not merely a cytotoxic drug but also has an immunomodulatory activity. It induces abortive mobilization of CD34 hematopoietic progenitors [26] [27] [28] , it stimulates proliferation of dendritic cell progenitors in the bone marrow, which results in the increased dendritic cell counts in peripheral blood and is coincident with the unfolding adaptive immune response [29] . It generally increases the immune response by maintaining the balance of dendritic cell subpopulations [30] , and finally it either abrogates or inhibits the functionality of T-regs [31, 32] . In this context, it is difficult to 
Discussion
Clinical evidence indicates that upon proper therapy, stage IIIB breast cancer is treatable and shows a DFS rate of 10-40 %. DFS is below 10 % for stage IIIC. The sample size of patients in our study was relatively small, and so we grouped IIIB and IIIC stage breast cancer patients into one dataset for statistical analysis. DFS rate (17 %) of patients receiving standard of care therapy is within the global range. Patients who additionally received Panagen demonstrate a significantly higher DFS of 50 %.
Thus, the following mechanism of the anticancer activity of Panagen emerges from the above data and the pre-clinical studies published by our and other groups over the past 15 years [13, [17] [18] [19] [20] [21] [33] [34] [35] [36] .
In all likelihood, tablet form of Panagen acts via interaction of fragmented dsDNA with immune cells resident in the intestinal lymphoid tissue. Active substance of Panagen is delivered to the upper GI tract in the form a tablet with a gastro-resistant coating where it falls apart and the substance is dissolved in the intestinal lumen. DNA fragments eventually reach mononuclear cells of Peyer's patches, lymphoid follicles of appendix and solitary follicles resulting in their activation [37] . Following activation, various immune cells of intestinal lymphoid tissue migrate into the lymph and blood circulation and reach immunocompetent organs. These immune cells stimulate proliferation and mobilization of hematopoietic progenitors or their immediate committed progeny via direct cell-cell contacts or cytokine secretion.
Similarly, dendritic cells resident in the intestinal lymphoid tissue become activated by dsDNA [33] [34] [35] [36] and enter the lymph/bloodstream. Upon anchoring in lymphoid organs (mesenterium), these dendritic cells engulf cancer neo-antigens that become available as a tumor cell debris 
Conclusions
Disease-free survival rate (17 %) of patients with IIIB + C stage receiving standard of care therapy is within the global range. Patients who additionally received Panagen demonstrate a significantly higher disease-free survival of 50 %. This confirms anticancer activity of Panagen. 
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